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INTRODUCTION

Gallbladder cancer (GBC) is the sixth common cancer 
among gastrointestinal cancers and is one of  the most 

common cancers of  the biliary tract with a very high global 
mortality rate.[1,2] It presents at an advanced stage with a 
poor prognosis. The average survival of  GBC patients 
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This current study aims to investigate AHHR expression and its prognostic significance in gallbladder cancer.
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is 6 months and 5‑year survival rate is less than 5%.[3,4] 
The incidence of  GBC varies geographically and has a 
particularly high incidence in Chile, Japan, and northern 
India.[5] The etiological factors of  GBC include age, gender, 
cholelithiasis, heavy metals, environmental, and genetic 
factors.[4] There are several reports that demonstrate critical 
molecular genetic events for the initiation and progression 
of  gallbladder carcinogenesis; however, the genetic basis 
is still unclear. Elucidation of  underlying genetic events 
offers the promise of  a breakthrough in the discovery of  
biomarkers and novel therapeutic targets.

The AHRR is a newly discovered member of  the 
growing superfamily of  basic helix‑loop‑ helix/
Per‑ARNT‑Sim (bHLH/Per‑ARNT‑Sim) transcription 
factors, which includes the aryl hydrocarbon receptor (AHR) 
and hypoxia inducible‑factor 1 (HIF1). AHRR has been 
identified as an AHR‑regulated gene.[6] AHRR maps the 
chromosome at 5 (5p15) in humans. This chromosomal 
region has been shown to be frequently deleted in various 
tumors, including cervical cancer, testicular germ cell tumors, 
colorectal cancer, early‑stage ovarian tumors, bladder cancer, 
esophageal cancer, and lung tumors.[7‑12] AHRR is potentially 
involved in a vast array of  normal and pathological processes 
ranging from xenobiotic response to tumor progression. 
Various in vitro studies conducted on different cancer cell lines 
have demonstrated AHRR as a potential tumor suppressor 
gene.[13,14] It has been shown that AHRR expression status 
has the potential to be an independent prognostic factor for 
primary gastric adenocarcinoma.[15,16]

No previous reports exist concerning the expression 
status of  AHRR, and the prognostic value of  this protein 
in gallbladder cancer have been studied so far, to the best 
of  our knowledge. In this study, the expression profile of  
AHRR in GBC was evaluated using reverse transcriptase 
PCR (RT‑PCR) and immunohistochemistry. Additionally, 
we have shown the correlation of  AHRR expression profile 
with clinicopathological features of  carcinoma gallbladder.

METHODS

Study design
The study was conducted to evaluate the expression 
profi le of  AHRR in GBC patients by Reverse 
Transcriptase Polymerase Chain Reaction (RT‑PCR) and 
Immunohistochemistry (IHC).

Setting
Tissue samples and clinical data were collected from 
the Department of  General Surgery, Institute of  
Medical Sciences, Banaras Hindu University, Varanasi. 

The histological and IHC work was performed in the 
Department of  Pathology, Institute of  Medical Sciences, 
and the molecular work was carried out in the Department 
of  Molecular and Human Genetics, Institute of  Science, 
Banaras Hindu University, Varanasi, and was undertaken 
from the period of  July 2017 to July 2019. The study was 
approved by the institutional ethical committee of  the 
Institute of  Medical Sciences, Banaras Hindu University.

Subjects
Newly diagnosed GBC patients were included in the 
study as cases and chronic cholecystitis (CC) as control. 
Biopsies of  forty‑eight and thirty‑four cases of  GBC and 
controls were collected, respectively, after obtaining written 
informed consent. Samples were collected in formalin 
and RNA later (Ambion, USA) processed for IHC and 
RNA extraction. Samples collected in RNA later were 
immediately snap‑frozen in liquid nitrogen and then stored 
at ‑86˚C in a deep freezer. Histopathologically proven 
cases of  GBC were included in the study. The patients 
who received chemotherapy or radiotherapy preoperatively 
were excluded.

RNA isolation, cDNA preparation & RT‑PCR
RNA isolat ion was car r ied out by using TRI 
Reagent® (Ambion®, Life Technologies) and quantified 
by Nanodrop spectrophotometer. Complementary 
DNA (cDNA) from mRNA was synthesized by 
using a high capacity cDNA reverse transcription 
kit (Applied Biosystems, USA).

cDNA was PCR amplified using gene‑specific primers 
for AHRR (common for both the isoforms) and 
β‑actin as the internal control. The primers for 
AHRR and β‑actin were designed using the “primer3 
input” program. Primer sequences are as follows: 
AHRR F 5 ’  CAGT TACCTCCGGGT GAAGA 
3’  R 5’  TGGAAGCCCAGATAGTCCAC 3’  and 
β‑actin F 5’ AAATCTGGCACCACACCTTC 3’ R 5’ 
AGCACAGCCTGGATAGCAAC 3’. RT‑PCR was 
carried out using 7.5 μL of  2X PCR (Cat. no# K 0172, 
Fermentas, USA) and 20 pmol of  each forward and 
reverse primer in 15μL of  reaction volume containing 
cDNA sample in a Veriti 96‑well thermal cycler (Applied 
Biosystems, USA). The following PCR cycle conditions 
were used: 94ºC initial denaturation for 5 min, denaturation 
at 94ºC for 30 sec, annealing at 58ºC (β‑Actin and AHRR) 
for 30 sec, and extension at 72ºC for 35 cycles, followed 
by 7 min final extension at 72ºC.

Gene‑specific expression levels were determined with 
relative band intensities calculated by Spot Denso 
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densitometry software (Alpha Imager, USA) normalized 
against the expression level of  β‑Actin for each control 
and tumor sample. The relative intensity of  each band was 
normalized against β‑Actin for each sample by calculating 
the ratio of  the band intensity of  AHRR to β‑ Actin. 
The differential expression in GBC was determined by 
comparing the average value ± 2 X SD of  the normal to 
the tumor samples.

Immunohistochemistry
Immunohistochemistry (IHC) was performed on 
tissue sections (4μm thickness) of  formalin‑‑fixed 
paraffin‑embedded (FFPE) primary tumor and control 
biopsies. The sections were mounted onto slides and dried 
12–‑24 h at 37ºC followed by deparaffinization with xylene 
and hydration in a graded series of  alcohols. Following a 
brief  proteolytic digestion and a peroxidase blocking of  
tissue slides, the slides were incubated with primary antibody 
against AHRR (1:100, rabbit polyclonal antibody, cat #40558 
from SAB signal‑way antibody, USA) overnight at 40°C. 
After washing, the slides were incubated with an anti‑rabbit 
secondary antibody labeled by horseradish peroxidise (HRP). 
Visualization was performed by 3,30‑diaminobenzidine 
tetrahydrochloride (DAB) and counterstained by hematoxylin. 
Negative controls were carried out by omitting the primary 
antibody in each IHC run.

Evaluation of immunostaining results
A semi‑quantitative scoring method was used to assess each 
sample based on the staining, intensity, and percentage. The 
staining intensity was visually scored and stratified according 
to the following criteria: no staining (0), mid staining (+1), 
moderate staining (+2), strong staining (+3). The percentage 
scoring of  immunoreactive tumor cells was defined 
as <5% (0 point), 6%–25% (1 point), 26%–50% (2 points), 
51%–‑75% (3 points), and >75% (4 points). The final 
immunoreactivity scores (IRS) of  each case were calculated 
by adding the two scores for the immunostaining percentage 
together. A score of  more than 4 was recorded as high 
expression while others were recorded as low expression.

Statistical analysis
The statistical analysis was performed using SPSS statistics 
version 17.0 for windows (US). A chi‑square test was 
applied for nonparametric variables. A Student’s t‑test was 
performed for comparing two groups. A P value of  less 
than 0.05 was considered significant.

RESULTS

Demographic details
This study included 48 cases of  GBC and 34 CC. The 
mean ages of  case and control groups were 51.09 ± 11.7 

and 46.44 ± 12.02 years, respectively. 87.5% of  cases of  
GBC and 85.3% of  CC were females, which suggests 
their prevalence. Early T stage (T1/T2) was present in 
12 (25%) and late T stage (T3/T4) present in 36 (75%) 
of  GBC cases. In nodal status, 15 (31%) patients had 
N0 and 33 (69.5%) patients had N1. Metastatic disease 
was present in only 2 (4.2%) patients. Of  the 48 cases of  
histopathologically proven adenocarcinoma of  gallbladder, 
14 (29%), 25 (52%), and 9 (18.75%) had well, moderately, 
and poorly differentiated adenocarcinoma, respectively.

AHRR Expression in case and control
The integrated band density value of  AHRR mRNA 
expression to β‑actin in GBC was calculated by comparing 
the average value ± 2 X SD of  the normal to the tumor 
samples. The mean level of  AHRR/β‑actin mRNA in the 
GBC tissues (0.54 ± 0.298) was significantly lower than in 
the chronic cholecystitis tissues (0.67 ± 0.120). RT‑‑PCR 
showed significantly and frequently down‑regulated AHRR 
expression in 77.1% (P = 0.002) of  GBC cases compared 
with control group [Figure 1; Table 1].

Immunohistochemistry analysis also showed significant 
down‑regulation of  AHRR expression in GBC cases than 
in controls (P = 0.009) [Table 1]. AHRR showed moderate 
immunohistochemical staining intensity in 41.6% and no 
staining in 37.5% of  GBC cases [Figure 2]. We found a 
significant correlation of  AHRR expression with tumor, 
node, metastasis (T, N, M) status, and histology of  GBC 
cases. AHRR expression is down‑regulated in 97.3% of  
GBC cases having T3/T4 status (P = 0.001). There is low 
AHRR expression in 59.6% and 94.6% of  N0 (P = 0.001) 
and M0 (P = 0.001) status of  GBC group of  patients. There 
is decreased AHRR expression in 67.6% of  GBC with 
moderately differentiated histology (P = 0.001). However, 

Figure 1: (a) mRNA expression pattern of AHRR gene in gallbladder 
cancer and control group. The expression of beta-actin is shown as 
an internal control (b) Normalized expression of AHRR at mRNA level

b

a
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there is no significant differential expression among the 
tumors with the presence of  lymph vascular (P = 0.255) 
and perineural invasion (P = 0.160) [Table 2].

On correlating the AHRR expression at mRNA level 
with clinical features, it was observed to be positively 
associated with T, N status, and histology of  GBC 
cases. AHRR mRNA expression was significantly 
lower in the advanced stage (T3/T4) than in the 
early stage (T1/T2) (P < 0.001) of  GBC. Similarly, 
down‑regulation of  AHRR is associated with nodal 
metastasis status (N1) (P < 0.001). However, no statistical 
significance was detected with the M stage (P = 0.095). 
AHRR mRNA expression is significantly associated with 
histological differentiation (P = 0.001) and perineural 
invasion (P = 0.001). We did not find a significant 
association between AHRR mRNA expression and 
lymphovascular invasion (P = 0.084) [Table 2].

DISCUSSION

The AHRR is a bHLH‑‑PAS protein transcription factor 
located in chromosome 5 (5p15.3).[6,13] This chromosomal 
region (containing AHRR) has been reported to be 
deleted in different cancers, and its promoter region is 
hypermethylated in various cancers.[13] Recent studies 
suggest that AHRR may function as a tumor suppressor 
gene that becomes silenced during tumorigenesis.[17] In 
the present study, we have hypothesized that inactivation 
and downregulation of  AHRR may have a critical role in 
gallbladder cancer progression. The expression profile of  
AHRR could help in early identification and developing 
new molecular targets for GBC.

In our study, AHRR expression at mRNA and protein levels 
were evaluated by RT‑PCR and immunohistochemical 
analysis. Concordant to previous reports in other cancers 
including lung, breast, hepatocellular carcinoma, cervical, 
colon, and ovarian cancer,[13,18‑20] we demonstrated that 
AHRR is down‑regulated at both mRNA and protein 

levels in GBC tissues than in controls (P = 0.002). Zudaire 
et al., (2008) demonstrated the mRNA expression level 
in multiple cancers.[13] Our results are consistent with 
this study showing reduced mRNA expression in all 
the malignant tissues compared with the normal tissues. 
A recent study analyzed the levels of  AHRR in a cohort of  
439 breast cancer patients and compared with the normal 
breast tissue sample. However, they found a wide range 
of  AHRR mRNA expression (0.0 to 19.8).[21]

We compared the levels of  mRNA and protein expression 
of  AHRR with different clinicopathological parameters. 
In our study, we observed a positive association of  AHRR 
expression with advanced stage (T3/T4) and nodal status 
of  GBC cases. We demonstrated that AHRR expression is 
significantly associated with tumor differentiation (P = 0.001) 
and perineural invasion (P = 0.001) while there was no 
association with lymphovascular invasion (P = 0.084). Similar 
to our findings, Liang et al. (2011) also found low expression of  
AHRR, which was significantly correlated with a high grade of  
hepatocellular cancer.[19] On the contrary, Vacher et al. (2018) 
did not find any association with any clinical or pathological 
factor studied, including age, histological, grade, and lymph 
node status of  the breast cancer cases. They suggested that 
levels of  AHRR may represent an independent prognostic 
factor for breast cancer.[21] Recently, it has been demonstrated 
that AHRR knock‑down with siRNA enhances AHR 
activity, confirming the assumption that AHRR constitutively 
represses AHR activity in human mammary tumor cell lines[22] 
suggesting a critical role in GBC tumorigenesis.

Li et al., (2012) has investigated the AHHR expression 
and its prognostic significance in primary gastric 
adenocarcinoma and reported reduced AHRR expression 
in gastric cancer tissue samples in comparison with adjacent 
non‑tumor tissue samples by RT‑qPCR (P = 0.0423) 

Table 1: AHRR expression in Gallbladder cancer and Chronic 
Cholecystitis
AHRR Expression GBC (n=48) CC (n=34) P

RT‑PCR
Low
High

37 (77.1%)
11 (22.9%)

15 (44.1%)
19 (55.9%)

0.002

Total 48 (100%) 34 (100%)
Immunohistochemistry

No Expression
Weak
Moderate
Strong

18 (37.5%)
6 (12.5%)

20 (41.6%)
4 (8.4%)

2 (4.2%)
4 (8.3%)
24 (50%)
4 (8.3%)

0.009

Total 48 (100%) 34 (100%)

Statistical significance at P<0.05

Figure 2: AHRR protein expression in gallbladder cancer surgical 
specimen by immunohistochemistry
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and Western blot analysis (P = 0.004). Furthermore, 
immunohistochemistry analysis indicated that AHRR 
expression was significantly decreased in 42.7% of  
gastric adenocarcinoma cases.[23] Similarly, our results 
demonstrate decreased AHRR expression in 40% of  
GBC cases.

Our observations are consistent with the idea that AHRR 
plays a tumor suppressor role and we further suggest 
that AHRR might play an important role in the GBC 
progression, since low AHRR expression is associated with 
the late T stage (P = 0.001) and nodal N status (P = 0.001).

In conclusion, our study suggests that low AHRR expression 
may be critical in gallbladder cancer development. In 
addition, our results suggest that AHRR may be a tumor 
suppressor gene and its expression status has the potential 
to be an independent diagnostic marker. However, 
further research is required to understand the molecular 
mechanism(s) involved in AHRR regulation in GBC. The 
study is limited to the analysis of  AHRR expression at 
mRNA and protein level in a limited sample size. Therefore, 
a large‑scale follow‑up study will be required for a better 
understanding of  AHRR in gallbladder cancer.
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